Peer audience effects on children’s vocal masculinity and femininity by Cartei, Valentina et al.
Peer audience effects on children’s vocal masculinity and 
femininity
Article  (Accepted Version)
http://sro.sussex.ac.uk
Cartei, Valentina, Reby, David, Garnham, Alan, Oakhill, Jane and Banerjee, Robin (2021) Peer 
audience effects on children’s vocal masculinity and femininity. Philosophical Transactions of the 
Royal Society B: Biological Sciences. ISSN 0962-8436 (Accepted) 
This version is available from Sussex Research Online: http://sro.sussex.ac.uk/id/eprint/99925/
This document is made available in accordance with publisher policies and may differ from the 
published  version or from the version of record. If you wish to cite this item you are advised to 
consult the publisher’s version. Please see the URL above for details on accessing the published 
version. 
Copyright and reuse: 
Sussex Research Online is a digital repository of the research output of the University.
Copyright and all moral rights to the version of the paper presented here belong to the individual 
author(s) and/or other copyright owners.  To the extent reasonable and practicable, the material 
made available in SRO has been checked for eligibility before being made available. 
Copies of full text items generally can be reproduced, displayed or performed and given to third 
parties in any format or medium for personal research or study, educational, or not-for-profit 
purposes without prior permission or charge, provided that the authors, title and full bibliographic 
details are credited, a hyperlink and/or URL is given for the original metadata page and the 
content is not changed in any way. 
audience effects on children's voice 
 1 
Peer audience effects on children’s vocal masculinity and femininity 
 
Abstract 
Existing evidence suggests that children from around age 8 strategically alter 
their public image in accordance with known values and preferences of peers, through 
the self-descriptive information they convey. However, an important but neglected 
aspect of this ‘self-presentation’ is the medium through which such information is 
communicated: the voice itself.  The present study explored peer audience effects on 
children’s vocal productions. Fifty-six children (26 females, aged 8 to 10) were 
presented with vignettes where a fictional child, matched to the participant’s age and 
sex, is trying to make friends with a group of same-sex peers with stereotypically 
masculine or feminine interests (rugby and ballet, respectively). Participants were 
asked to impersonate the child in that situation and, as the child, to read out loud 
masculine, feminine and gender-neutral self-descriptive statements to these 
hypothetical audiences. They also had to decide which of those self-descriptive 
statements would be most helpful for making friends. In line with previous research, 
boys and girls preferentially selected masculine or feminine self-descriptive 
statements depending on the audience interests. Crucially, acoustic analyses of 
fundamental frequency and formant frequency spacing revealed that children also 
spontaneously altered their vocal productions:  they feminised their voices when 
speaking to members of the ballet club, while they masculinised their voices when 
speaking to members of the rugby club. Both sexes also feminised their voices when 
uttering feminine sentences, compared to when uttering masculine and gender-neutral 
sentences. Implications for the hitherto neglected role of acoustic qualities of 
children’s vocal behaviour in peer interactions are discussed. 
 
Keywords: acoustics, voice gender, voice pitch, vocal tract resonances, vocal 
masculinity, audience effects 
 
Introduction 
Children's peer relationships have received considerable attention over the past 
thirty years as a key socialisation context for children’s gendered behaviour. By 3 
years of age, children spontaneously segregate into same-sex peer groups [1] and 
continue to do so throughout the school years [2]. As children value their ingroup 
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membership, they become increasingly concerned about peer group norms on gender 
[3-5], and the negative consequences associated with not complying with them such 
as being teased, shunned or referred to as “tomboys” or “sissies” [6,7]. For example, 
toddlers play less with counter-stereotypical toys in the presence of peers than when 
alone [8]. Primary school children are also more likely to show a preference for own-
sex typed toys and activities when peers are present than when alone, particularly 
young boys who hold the most rigid stereotypes [9]. Building on such evidence that 
children display or inhibit particular behaviours in line with external or internal rules 
and standards (e.g., [10, 11]) researchers have shown that children increasingly 
engage in diverse forms of self-presentational behaviour – behaviour specifically 
intended to control others’ impressions of the self – in accordance with known values 
and preferences of peers. For instance, using self-presentational stories involving 
emotion-masking displays, Banerjee and Yuill [12] have shown children as young as 
6 assign to protagonists facial expressions which are incongruent with their real 
emotions if the latter were likely to attract negative evaluations by the story audience 
(e.g. the protagonist being judged as stupid, a cry-baby or greedy).  
By the end of primary school self-presentation motives become increasingly 
salient and children increasingly adapt self-presentation strategies to specific goals. 
For instance, in a study of 6- to 10-year-olds, Aloise-Young [13] found that older 
children (especially from age 8 onwards) spontaneously tailored their self-
descriptions in order to promote themselves to and ingratiate themselves with a peer 
audience (specifically to convince other children to pick them as partner for a game). 
Similarly, in a series of three experiments with the same age range, Banerjee [14] 
reported that even children in the youngest age group (age 6-7) were able to 
acknowledge the evaluative preferences of a given audience and to alter their choices 
of self-descriptive options to match those preferences, and that the tendency to do so 
increased with age.  
However, while this literature demonstrates children’s ability to engage in 
verbal self-presentation, we know little about children’s self-presentational control of 
the medium through which such verbal information is communicated: the voice itself.  
Interestingly, converging evidence from acoustic [15, 16] and anatomical [17] studies 
indicates that differences between pre-pubertal boys’ and girls’ voices are largely 
behavioural. Consistent with the absence of appreciable sex differences in the vocal 
apparatus before puberty, boys and girls speak with a similar mean fundamental 
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frequency (F0, the correlate of voice pitch). However, boys speak with lower 
formants (the resonances produced by the vocal tract) and narrower formant spacing 
(∆F, the distance amongst adjacent formants) than girls, giving them a deeper, more 
masculine voice. Boys and girls with more masculine voices (lower ∆F) are also 
rated, by both child and adult listeners, as having more stereotypical masculine 
profiles (e.g., in preferences for toys, playmates, activities) than children with less 
masculine voices [18]. As well as variation in sex-related voice cues affecting 
listeners’ perception of children’s masculinity and femininity, children appear to 
volitionally manipulate F0 and ∆F when giving voice to stereotypically masculine or 
feminine child characters of the same age and sex as themselves [19].  
Integrating these findings, it is theoretically plausible that children’s self-
presentational motivations will extend to their ability to masculinise and feminise 
their voices in accordance with gender-stereotyped perceptions of peer audiences. The 
present study tests this hypothesis by investigating whether children vary their F0 and 
∆F when impersonating a child of the same age and sex as themselves who is trying to 
ingratiate themself with a group of same-sex peers engaging in stereotypically 
masculine or feminine interests (e.g., rugby players vs. ballet dancers). This “making 
friends” scenario is often used in the peer relations literature (e.g., [20-22]) as this 
type of situation is common in children’s (and adults’) social interactions and can 
prime behavioural appropriateness according to social norms and expectations [23, 
24]. Specifically, the present study examined hypothetical interactions with same-sex 
peers, given that preferences for same-sex friends dominate social interactions and 
friendships throughout childhood [2]. 
We hypothesised that (H1) children would feminise their voice (by raising F0 
and increasing ∆F) when imagining they were addressing the ballet club, and 
masculinise their voice (by lowering F0 and narrowing ∆F) when addressing the 
rugby club. In line with previous research, we also expected (H2) children to 
preferentially select stereotypically masculine or feminine self-descriptive statements 
when playing the role of a child character who is seeking to ingratiate themselves with 
peers known to have masculine or feminine interests (rugby or ballet).  Given that 
previous research has found that children with the most rigid stereotypes are more 
likely to present themselves as sex-typed in front of a peer audience [9], we also 
expected that (H3) children who stereotype more strongly in terms of choice of 
statements would also exhibit greater voice variation between the two audiences.  
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The present study included children aged 8 to 10 years old to ensure that the 
participants had the literacy skills needed for completing the tasks. This age group 
also allowed us to test our hypotheses before the onset of pubertal changes to the 
vocal apparatus [25]. Moreover, previous research has shown that from around 8 
years of age, children exhibit verbal self-presentation in response to audience 
characteristics [13, 24, 26]. It is also from about this age that children rely on gender 
individuating information from multiple dimensions (e.g., physical appearance, 






Participants were 56 children (30 males, 26 females) recruited from UK school 
years 4 and 5, aged 8 to 10 years (mean age = 8.7, SD =.84) in three local primary 
schools (one from a city and two from two small towns). Children represented 
different socioeconomic status groups (proportion eligible for free school meals: 
2.2%, 14.8%, 33.3%) and were mostly of white ethnicity (96.5%, 87%, 74.1% 
children). Children were recruited through an advertisement in the school newsletters. 
School leaders provided informed consent, and parents were additionally provided 
with information letters and an opportunity to withdraw their children from 
participation (<30% did so in any school). All children were native English-speakers 
and had no history of speech or hearing impairments. Children were tested 
individually on the school premises. The procedure was granted ethics approval by 
the Sciences & Technology Cross-Schools Research Ethics Committee (C-REC) at 
the University of Sussex (Certificate: ER/VC44/8). 
  
Procedure 
Participants sat in a comfortable chair and were audio recorded with a Zoom H1 
handheld recorder, which was positioned at approximately 30 cm from the participant, 
with a Marantz shield around it. Next, children were presented with two short 
vignettes via a PowerPoint presentation with pre-recorded narration. Each vignette 
involved a fictional protagonist of the same age and sex as the participants (Appendix 
1). Participants were told to imagine that this child had joined a new school and on 
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their first day he or she had met with some new peers of the same age and sex as 
themselves. These peers belonged to either a rugby club (peer audience engaging in a 
stereotypically masculine activity) or a ballet club (peer audience engaging in 
stereotypically feminine activity). Children were told in each story that the protagonist 
wanted to make friends with the given peer audience. They were presented with a set 
of three self-descriptive statements (masculine, feminine, or neutral), chosen pseudo-
randomly from a set of twelve (Appendix 2). Children were then asked to read out all 
three statements in the order presented as if they were the character speaking to that 
audience and as if they were true of the child character. Next, children were asked to 
select the statement which in their opinion the protagonist should say to the peer 
audience in order to be liked by them. This procedure was repeated twice more for 
each audience, with a new set of three (masculine, feminine, and neutral) sentences 
each time. Therefore, each child read out nine self-descriptive statements (three 
stereotypically masculine, three stereotypically feminine, and three neutral) as a child 
character speaking to the ballet club, and nine as a child character speaking to the 
rugby club. The choice of statements, the order of the statements within each set, and 
the order of the two imagined audiences (ballet club, rugby club) were 
counterbalanced across groups of children.  The vignettes and questions were 
presented in PowerPoint on a MacBook Air, placed behind, but above the recorder, so 
that the screen was in full view. 
 
Acoustic analyses 
For each sentence spoken by the child, we extracted the mean fundamental 
frequency (F0) and the centre frequencies of the first four formants (F1-F4) using a 
custom batch-processing script (see electronic supplementary material 1) that was 
written using PRAAT software [28]. For each recording, the script overlaid the 
computed F0 and formant values on narrow band spectrograms, which allowed the 
researcher to manually correct for erroneous estimates (values departing from visually 
estimated fundamental and formant frequencies). The parameters for F0 were set as:  
pitch floor 100Hz, pitch ceiling 450Hz, time step 0.01s. The parameters for formant 
analysis were set as: number of formants 6, max formant 8000, and dynamic range 30 
dB. Given that the frequency of each individual formant is related to formant spacing 
(∆F) by equation (1):  






We derived ∆F by plotting mean formant frequencies for sentence against the 
expected increments of formant spacing [(2i−1)/2], where ∆F is equal to the slope of 
the linear regression line with an intercept set to 0, as in [29]. This acoustic analysis 
procedure has been applied successfully in previous studies to estimate ∆F from 
children’s speech (e.g., [18, 30]). 
 
Statistical analyses 
Linear mixed models (LMMs) fitted using maximum-likelihood estimation 
were used to examine the main and interaction effects of speaker sex (between 
participants), audience (ballet club, rugby club) and sentence type (masculine, neutral, 
feminine) and order presentation of the sets (1,2 or 3) (within participants), on each 
acoustic parameter (F0 and ∆F) separately (H1). Sentence number within sentence 
type (allowing the intercept to vary between sentences) and participant identity 
(allowing the intercept to vary between participants), were included as random 
factors. The main effects of within-participant factors audience, sentence type and set 
number were included as random slopes. For all LMMs we checked the residuals for 
normality with a Q-Q Plot and histogram (electronic supplementary material 2), and 
there was no indication of this assumption being violated.  
In order to establish whether children preferentially selected gender-stereotypical 
statements when speaking to the ballet or rugby club (H2) we first coded the choice of 
sentence in each set as 1 or 0. These codes represented, respectively, whether children 
chose self-descriptive statements in accordance with the stereotyped interests of the 
peer audience, or not (i.e., participants scored 1 if the feminine / masculine sentence 
was chosen when speaking to the ballet / rugby club, and 0 otherwise). We then ran a 
Generalised Linear Mixed Model (GLMM) on the stereotype-matching sentence 
choice (0 or 1) with speaker sex, audience, set number and their interactions as fixed 
factors, sentence number within sentence type, and participant identity as a random 
factors. For the LMM and GLMM pairwise comparisons with Bonferroni corrections 
were used for fixed factors with more than two levels. Confidence intervals on the 
means for the Bonferroni-corrected pairwise comparisons were determined by 
bootstrap resampling 1000 times [31]. LMMs and GLMMs were run in R Studio 
(analysis script as electronic supplementary materials 3, 4) [32]. 
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Finally, we investigated whether frequency shifts in F0 and ∆F between the 
two audience groups were significantly associated with the choice of sentences that 
would most ingratiate them to the given audience (H3), using SPSS v.24 [33]. For 
each speaker, we first calculated the average difference in F0 and ∆F between the 
sentences spoken to the ballet and rugby clubs, by averaging, respectively, F0 and ∆F 
across all sentences addressed to the ballet club and subtracting the averaged F0 and 
∆F across all sentences addressed to the rugby club. We then correlated, for boys and 
girls separately, the F0 and ∆F difference scores with the average number of 
stereotype-matching sentence choices made for each audience (i.e., masculine self-
descriptions for the rugby club; feminine self-descriptions for the ballet club), and 





Audience effects on voice manipulations (H1) 
The results of our LMMs are reported in Table I. There was a significant main 
effect of audience on children’s F0 and ∆F. Simultaneous pairwise comparisons using 
Bonferroni correction indicated that the children spoke with a significantly higher 
mean F0 when addressing the imagined same-sex feminine (ballet) audience 
(M=233Hz, 95%CI [227, 240]), compared to when addressing the imagined same-sex 
masculine (rugby) audience (M=225Hz, 95%CI [219, 231]), p<.001. They also spoke 
with a significantly higher ∆F when addressing the feminine audience (M=1374Hz, 
95%CI [1363,1386]), compared to when addressing the masculine audience 
(M=1259Hz, 95%CI [1247,1270]). As expected, the LLM also confirmed a 
significant main effect of sex on ∆F, as on average boys spoke with lower ∆F 
(M=1296Hz, 95%CI [1283,1308]) than girls (M=1337, 95%CI[1323,1350]) across 
both conditions. 
There was a significant interaction effect of sex and audience type on both F0 and ∆F 
(Figure 1).  Both boys and girls raised their F0 when addressing the feminine 
audience (girls: M=230Hz, 95% CI[220,238]; boys: M=237Hz, 95% CI[228,245]) 
relative to the masculine audience (girls: M=227Hz, 95% CI[217,234]; boys: 
M=225Hz, 95% CI[217,233]), but this shift was significant in boys only, p<.001. 
Additionally, while both boys and girls raised their ∆F when addressing the feminine 
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audience relative to the masculine audience, this shift was larger in girls than in boys, 
p <.001. There was a significant main effect of sentence type on children’s F0 and ∆F. 
Stereotypically feminine self-descriptions were spoken with a significantly higher F0 
(M=234Hz, 95%CI[227,240]) and higher ∆F (M=1327Hz, 95%CI[1315,1342]) than 
the neutral sentences (F0: M=227Hz, 95%CI[221,233]; ∆F :M=1301Hz, 
95%CI[1289,1316]) , p<.05, and a non-significant trend was also observed in 
comparison with the masculine sentences (F0: M=234Hz, 95%CI[220,235]); 
∆F:M=1319Hz, 95%CI[1307,1331]), ps<.15. Additionally, there was a significant 
interaction effect of sentence type with audience type on F0 and ∆F, in that the 
difference between feminine sentences and the other two sentence types was larger 
when addressing the feminine audience relative to the masculine audience, while both 
boys and girls uttered the gender-neutral sentences with a significantly lower ∆F 
compared to the masculine sentences, p<.05. 
There was a significant main effect of set number on children’s F0: F0 
decreased overall with the sets, and was significantly lower in the last set (M=226Hz, 
95%CI [220, 232]), compared to the first (M=231Hz, 95%[225, 238]), p=.006. 
Additionally, there was a significant interaction effect of sex and set number on 
children’s ∆F. Boys’ ∆F was significantly lower in the last set (M=1300Hz, 95%CI 
[1288, 1312]), compared to the first (M=1291Hz, 95%[1278,1304]), p=.04, while 
girls’ ∆F did not significantly change with set number. 
 
Table I. LMMs testing the effects of the experimental factors on F0 and ∆F. 
Figure 1. Girls’ and boys’ F0 (Hz) (a) and ∆F (b) when addressing the ballet and 
rugby clubs. 
 
Sentence choice (H2) 
As expected, the GLMM revealed that all children preferentially selected 
stereotypically feminine sentences (boys: M=0.70, 95%CI[0.65, 0.76]; girls: M=0.67, 
95%CI[0.62, 0.74]) when speaking to the ballet audience, and stereotypically 
masculine sentences when speaking to the rugby (boys: M=0.75, 95%CI[0.69, 0.80]; 
girls: M=0.69, 95%CI[0.62, 0.75]), with no significant difference being found in the 
degree of stereotyping for the two audiences, p>.05. Moreover, stereotypical choices 
by boys and girls in both conditions (calculated by taking the mean score across the 
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three sets in each audience condition) were consistently significantly above chance 
(one-tailed t-tests ps<.001, comparing against a chance value of .33). 
 
Is there a relation between sentence choice and degree of voice adjustments? (H3) 
Correlations of the F0 and ∆F differences between the two audience 
conditions with the average number of stereotype-matching sentence choices made for 
each condition (i.e., masculine self-descriptions for the rugby audience; feminine self-
descriptions for the ballet audience), and with total number of stereotype-matching 
choices across both stories together, were non-significant, rs between -.31 and .07, all 
ps > .10. Thus, differentiating between audiences in terms of spontaneous changes to 
vocal pitch and resonance was not associated with explicit choices of stereotyped self-





In line with our hypotheses this study reveals that the presence of an imagined 
same-sex peer audience with masculine or feminine interests affects children’s self-
presentations. Effects emerged not just in their choice of self-descriptive statements 
but also in the modulation of vocal characteristics associated with masculinity and 
femininity. More specifically, when impersonating a fictional child trying to make 
friends with same-sex peers engaging in a stereotypically feminine activity (ballet 
club), children overall systematically feminised their voices (by raising their F0 and 
∆F). However, they masculinised their voices (by lowering their F0 and ∆F) when 
speaking to same-sex peers engaging in a stereotypically masculine activity (rugby 
club).  
The role of nonverbal vocal behaviour in children’s self-presentation has 
hitherto been unexplored. However, our results add to a long-established line of 
research showing that children’s nonverbal displays in other dimensions often 
accompany verbal strategies for producing desired self-presentational outcomes. 
These include the strategic use of crying in help-seeking scenarios [34], the use of 
smiling in conflict situations [35,36] and “looking down one’s nose” where children 
try to convey an impression of competence [37] as well as the deliberate suppression 
of expressions of anger or hurt feelings in response to provocation [38]. 
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Our results are also consistent with the view that children’s gender schemas – 
the networks of cognitive associations that organise and guide perceptions and 
understanding of the world on the basis of gender (see [39]) – include 
correspondences between sexually dimorphic voice cues (lower ∆F in pre-pubertal 
boys than girls, and lower F0 and ∆F in men than women) and gender-related 
characteristics (lower frequencies being associated with greater masculinity). Previous 
voice production studies have shown that children’s gender schemas include a vocal 
component. Children manipulate fundamental and formant frequency values towards 
those expected from the sex dimorphism in adult voices when asked to sound like a 
boy or a girl [30], when giving voice to peers with masculine or feminine interests 
[19], and when asked to impersonate adults in stereotypically masculine and feminine 
occupations [40]. Our study extends previous findings by showing that children are 
not only capable of manipulating their voice masculinity and femininity in response to 
an explicit request, but that they also spontaneously modulate them in a stereotypical 
way in the presence of peers, in line with the audience’s masculine or feminine 
interests.   
 
Verbal vs. non-verbal displays of self-presentation 
In line with previous studies [9, 12-14] we also found that when children were 
trying to ingratiate themselves with their audience, they selected statements that 
matched the peers’ choice of gender-typed activity. They preferentially selected 
stereotypically masculine self-descriptions when addressing the rugby club, and 
stereotypically feminine self-descriptions when addressing the ballet club. However, 
we did not find a relation between the extent of voice manipulations and how strongly 
children were inclined to choose stereotypical statements.  Although Banerjee and 
Lintern [9] previously reported higher levels of sex-typed self-descriptive statements 
in children with more rigid gender stereotypes, this kind of explicit choice of verbal 
self-description may be independent of the spontaneous stereotype processes 
manifested in children’s vocal productions.  In support of this explanation, several 
studies have reported only a weak relation between implicit and explicit measures of 
gender stereotyping (e.g., [40-42]). 
We also observed an interaction between nonverbal vocal strategies and the 
content of the sentences spoken by children. Children feminised their voices when 
uttering the feminine sentences, by raising both F0 and ∆F compared to the other two 
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sentence types, whilst they did not masculinise their voices when uttering the 
masculine sentences. Psychoacoustic studies with adult listeners have shown that 
compared to lower frequency voices, higher vocal frequency voices evoke an 
attribution of greater friendliness and cooperativeness [43,44], which would be a 
valued attribute in our hypothetical scenario of making friends. Thus, the strategy of 
lowering one’s voice to express masculinity may have been constrained by the risk of 
sounding unfriendly. On the other hand, raising one’s voice to express femininity may 
have converged with children’s desire to signal friendliness. 
 
Sex differences in nonverbal vocal self-presentation 
While our analyses revealed that both sexes shifted the sex-related cues of 
their voice in line with adult sex dimorphism, the role of F0 and ∆F in the expression 
of masculinity and femininity appears to vary between the two sexes. This pattern of 
results is likely to be driven by sex-specific differences in articulatory behaviour, 
given the absence of overall differences in the vocal apparatus between the two sexes 
prior to puberty. Specifically, we found that that girls’ ∆F was 60Hz higher than boys’ 
when addressing the feminine audience. It is possible that girls spread their lips more 
than boys when addressing the feminine audience, which would cause a shortening of 
the vocal tract and therefore a wider ∆F [45]. Interestingly, a recent meta-analysis 
[46] reveals that women smile (thus spreading their lips) more than men, particularly 
when gender-appropriate norms are emphasised, and this difference appears to be 
already present by age 9 [47]. In terms of F0, boys differentiated between audiences 
more than girls did, with boys speaking with a 7Hz higher and 2Hz lower F0 than 
girls when speaking to the feminine and masculine audience, respectively. While the 
difference in girls’ F0 between the two audiences was in the expected direction, it was 
not statistically significant. This suggests that boys increased/decreased the rate of 
vocal fold vibration to a greater extent than girls, resulting in the observed 
higher/lower mean F0 when addressing the feminine and masculine audience, 
respectively. Although small, these differences are in line with a previous study 
showing that boys manipulate their F0 to a greater extent than their ∆F when giving 
voice to a boy with feminine versus a boy with masculine interests [19].  
 
Limitations and future research 
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A number of suggestions for future research emerge from the findings of the 
present study. Firstly, we reported a slight decrease in F0 (both sexes) and ∆F (boys 
only) with number of task repetitions (sets). This result was also found in a study with 
children of this age group [48] and may be at least partly influenced by laryngeal 
fatigue and practice effects [49]. A further methodological refinement would therefore 
be to assess the optimal number of trials required to reach representative speaking F0 
values. Secondly, our study included a relatively small and mainly white sample from 
a relatively narrow socioeconomic status (SES) range. Cross-cultural comparisons 
using larger samples should establish the extent to which our findings can be 
generalised to diverse cultural contexts, outside that of Western, Educated, 
Industrialized, Rich, and Democratic (WEIRD) societies [50].   
Thirdly, our paradigm could be implemented with children spanning a wider age 
range, as developmental changes in vocal self-presentational behaviour are likely to 
reflect the combined development of social experience (e.g., amount of peer 
interaction), cognitive processes (e.g., perspective-taking abilities), gender 
stereotyping, as well as vocal morphology and control. A particular developmental 
period of interest would be between late childhood and into early adolescence, given 
that social evaluation concerns increase during this period [51], though emerging 
anatomical differences between females and males would also need to be taken into 
account [17]. It would also be worth investigating to what extent the observed vocal 
modulation for self-presentational purposes occurs in the early years, given that 5- to 
6-year-olds show a relatively limited cognitive capacity for understanding self-
presentational motives [12], though they do have the ability to control their voice to 
alter the expression of their gender [30].   
Another goal for future research would be to explore whether children differ in 
the degree of voice manipulation according to other characteristics of the audience 
and the nature of the interaction taking place, beyond the current focus on making 
friends with a hypothetical peer audience. Responses to vignettes are clearly valuable 
for gaining an insight into children’s self-presentational motivations [i.e., 52]. 
However, when making friends in real life aspects of individuals’ vocal productions 
may not be under voluntary control. For example, an increase in anxiety is associated 
with higher F0 [53]. Thus, future research could use naturalistic or structured 
observation of children’s behaviour to increase the ecological validity of its findings. 
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Moreover, we already know that that different social agents (e.g., parents: 
[54]; teachers: [55]; peers: [56]) influence children’s conformity to gender norms. So 
it is possible that children will respond differently to more narrowly specified 
categories of audience (e.g., friends vs. nonfriends; familiar vs. unfamiliar; teachers 
vs. parents). The development of children’s self-presentation is also known to vary 
systematically in relation to contextual factors. Such factors include reputation 
management following rule violations and acceptance and self-enhancement with 
members of one’s social group vs out-group members [26], as well as children’s 
perceptions of themselves (e.g., social influence and status) and of others [57]. It 
would be instructive to evaluate the extent to which spontaneous manipulations of 
vocal qualities take place in these different kinds of social interactions with both peer 
and adult audiences. 
To understand how the voice manipulations we observed map onto listeners’ 
perceptions, studies could evaluate the success of these self-presentational efforts in 
terms of audience responses (e.g. peer behavioural attributions and friendship 
choices), particularly given that we already have evidence that child listeners attribute 
masculinity and femininity on the basis of shifts in voice frequency cues [18]. As well 
as cues to masculinity and femininity, psychoacoustic research with adults suggests 
that F0 and ∆F can affect perception of other social traits, including dominance and 
trustworthiness [58-60], which are also important in attempts to establish friendship. 
Future research could therefore investigate whether children’s variation in vocal 
masculinity and femininity could also have broader effects on audience attributions 
along a range of different personal dimensions, and their possible impact on 
children’s popularity and likeability in peer contexts. 
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